Objective: The association between obesity and coronary heart disease (CHD) may have changed over time, for example due to improved pharmacological treatment of CHD risk factors. This meta-analysis of 31 prospective cohort studies explores the influence of calendar period on CHD risk associated with body mass index (BMI). Design and Methods: The relative risks (RRs) of CHD for a five-BMI-unit increment and BMI categories were pooled by means of random effects models. Meta-regression analysis was used to examine the influence of calendar period (>1985 v 1985) in univariate and multivariate analyses (including mean population age as a covariate). 16 and 10 ). However, in the multivariate analysis, only mean population age was independently associated with the RRs for a five-BMI-unit increment and obesity (À29(95%CI: À55: À5)) and À31(95%CI: À66:3), respectively) per 10-year increment in mean age).
Introduction
The prevalence of both overweight and obesity has increased worldwide over the past decades, especially after the 1980s in Europe and the USA (1) (2) (3) . This is a major concern because obesity is associated with increased mortality, disability, decreased quality of life, high health care costs, and morbidity including coronary heart disease (CHD) (1, 4) .
Despite the rise in the prevalence of obesity, CHD mortality rates have declined since the 1960s-1970s in Western Europe, Australia and the USA (5, 6) . This decline can be explained by major improvements in coronary treatments and CHD management since the mid 1980s and by changes in risk factors-even in overweight and obese persons-such as a decrease in the prevalence of smoking, and in blood pressure and cholesterol levels (7) (8) (9) (10) . Additional in this period, the lifestyle approach was advocated within health-care procedures to combat CHD (11, 12) . Because of all these developments, we expected that the risk of incidence and mortality of CHD associated with being overweight or obese has decreased over time.
The impact of time on CHD risk associated with obesity in adults has not been examined in a large meta-analysis before. Knowledge of time-dependent shifts in CHD risk associated with obesity not only provides indirect ''evidence'' for improved health care procedures in the obese, but is also important for forecasting future deaths from chronic diseases, as presented in leading publications (13, 14) . This in turn is fundamental for underpinning the needs for policies on obesity and CVD management.
The present meta-analysis, including 31 prospective cohort studies from various countries, comprising 389,212 persons, examined the influence of calendar period (the year in which the study started) on the association between BMI and CHD, adjusted for age, sex and smoking. The analysis took additional study characteristics (i.e., mean age of the population and length of follow-up) into account that have been proposed to influence the association between body weight and CHD (15, 16) . To test for the impact of changes in risk factors over time (induced by treatment developments), we additionally examined the influence of calendar period on the association between BMI and CHD in a subset of 21 cohort studies with additional adjustments for physical activity, blood pressure and cholesterol. We expected that the influence of calendar period would be attenuated by adjusting for CHD risk factors.
Methods
Data sources, study selection and data extraction were previously described in detail (17) . Briefly, studies were identified by a PubMed/Medline search until 2007 by using the following search strategy: obesity, body mass index, BMI, or overweight in either the title or in the Medical Subject Heading (MeSH) and either coronary heart disease in the title or coronary disease in MeSH, plus either prospective or cohort. Also, we examined reference lists of identified articles, and got suggestions through colleagues. Eligible studies were prospective cohort studies conducted in healthy, mainly Caucasian populations. Seventy cohort studies were identified and 62 investigators were contacted of whom 31 agreed to participate. The 31 cohort studies had data available on BMI, age, sex and smoking and CHD incidence or mortality. Eighteen studies used mortality from CHD and 13 studies used incidence of CHD (both fatal and non-fatal events) as their endpoint. Twenty-one studies had extra data available on physical activity, blood pressure and cholesterol. The investigators from the participating cohort studies were requested to calculate hazard ratios (further on called relative risks (RR)) of CHD for BMI and their 95% confidence intervals (CIs) with systematic adjustments for age, sex and smoking, and if available also for physical activity, blood pressure, and cholesterol levels.
Data synthesis
In this study, we examined the influence of calendar period on the pooled RR for BMI as a continuous variable (i.e., risk per five units increase in BMI; N ¼ 31) as well as for BMI-categories (i.e., categories underweight (<18. )). For the 10 studies which only provided RRs for BMI categories, the RRs were transformed to their continuous form for each set of adjustments by applying the method of Greenland and Longnecker (18) , using the numbers of cases as observed rather than their fitted values (19) . The adjusted RRs for BMI were plotted to visualize variation in results between studies.
Calendar period was calculated by using the baseline year of each cohort study. Recruitment and data collection at baseline took in most cohort studies more than 1 year. Therefore, baseline year was defined as the mean of the first year and last year in which baseline Obesity Calendar Period, BMI, and CHD de Hollander et al. measurements were conducted. The studies were then divided into two strata to examine whether the pooled RRs differed by calendar period ( 1985 and >1985). The 1985 cut-point chosen, corresponded with the period when major changes occurred regarding the management of CHD and the increase in advocating lifestyle approaches within health-care procedures (7) (8) (9) (10) (11) (12) . Furthermore, the influence of other important study characteristics on the association between BMI and CHD, i.e. age of the population (defined as the mean age of the population at baseline) and length of follow-up (defined as the mean length in years the population was followed to their endpoint) were examined.
Statistical analysis
Descriptive statistics were used to describe the main characteristics of the cohort studies, i.e., baseline year, mean age of the population and length of follow-up.
The age, sex, and smoking adjusted log RRs for BMI as a continuous and categorical variable were pooled by means of a random effects model (20) , using the MIXED procedure in SAS (version 9.1). The pooled RR and the 95% confidence interval (95%CI) was estimated by exponentiating the results from this model. Heterogeneity of RRs between cohort studies was tested using chi-squared tests.
To determine sensitivity of the results, meta-analyses with 30 studies (continuous BMI) and with 16 and 19 studies (BMI categories) were performed, leaving repeatedly each individual study out of the pooled risk. Further, to check for potential bias due to misclassification of BMI based on self-reported weight and height, analyses were repeated after excluding cohorts with self-reported BMI. This meant exclusion of four studies in the analysis for continuous BMI, overweight, and obesity and three studies for underweight. Publication bias was investigated using a funnel plot.
To examine the influence of calendar period (>1985 vs. 1985), age of the population and length of follow-up (expressed per 10 year increment), a meta-regression analysis (including the random effects model) was used. In this meta-regression analysis, the age, sex, and smoking adjusted log RR of the studies was regressed onto the study characteristics. This was done by using a univariate (i.e., calendar period, age and length of follow-up in separate models) and a multivariate analysis (i.e., calendar period and age of the population adjusted for each other). Calendar period and length of follow-up were not simultaneously entered into the model to prevent multicollinearity since baseline year and length of follow-up were highly correlated (Pearson's r ¼ À0.86; P < 0.001). Similar models were used for the categories underweight, overweight and obesity.
These analyses were then repeated in a subset of cohort studies (continuous BMI: N ¼ 21, underweight: N ¼ 12, overweight and obesity: N ¼ 14) with log RRs additionally adjusted for physical activity, blood pressure and cholesterol.
The influence of study characteristics is reported as a percentage change of the RR of CHD associated with BMI by the study characteristic term. To give insight in how the percentage change was calculated, we present the following hypothetical example:
Suppose the regression coefficients for the log(RR) are 0.3 for the intercept and À0.1 for the calendar period effect. In that case, the RR of studies starting before and in 1985 is e 0.3 ¼ 1.35 and the RR for studies starting after 1985 is e (0.3þÀ0.1) ¼ 1.22. This gives a percentage change of ((1.22
To indicate whether the influence of a study characteristic was statistically significant, the accompanying 95% confidence intervals are presented. Table 1 presents the characteristics of the study populations, comprising a total of 389,212 persons. During follow-up in total 20 652 CHD events were observed. Some studies provided RRs for a longer length of follow-up than in the original articles. The cohorts used for analysis regarding BMI categories are marked in Table 1 . Table 2 presents the descriptive statistics of baseline year, age of the population and length of follow-up. For the earlier studies ( 1985) , age of the population was lower in comparison with the later studies (>1985). The length of follow-up was longer for the earlier studies.
Results

Characteristics of cohorts
Relative risks of CHD associated with BMI
For the 31 studies, the age, sex, and smoking adjusted RR of CHD was increased for a five-BMI-unit increment, overweight and obesity (Table 3) . Underweight was not associated with the risk of CHD (RR 1.11 (0.91:1.36). After adjustment for physical activity, blood pressure and cholesterol, the RRs for a five-BMI-unit increment, overweight and obesity were lower but still significant as reported previously (17) .
There was substantial heterogeneity between study results of the 31 cohorts (P < 0.001; Figure 1 ) and between the study results for each BMI category (P < 0.05; not shown). The sensitivity analysis indicated no strong influence by individual studies as the change in RR of CHD associated with BMI ranged maximally from À0.08 to 0.06 when single studies were excluded. Exclusion of studies that used self-reported BMI resulted in somewhat lower RRs in the remaining cohorts concerning increasing BMI, underweight, overweight and obesity (respectively, The funnel plot suggested that studies with higher estimates of relative risk were not overrepresented, suggesting that there was no publication bias using the 31 cohorts (Appendix 1).
Influence of calendar period and other factors on the relative risk of CHD for BMI
The relationships between study characteristics and the RR of CHD associated with BMI as a continuous and categorical variable are graphically displayed in Appendix 2. Table 3 presents the percentage changes in the RR of CHD associated with BMI by calendar period, age of the population and length of follow-up for the univariate and multivariate meta-regression analyses. Because underweight was not associated with CHD, the influences of the study characteristics were not examined for this category. Table 4 presents the RRs of CHD associated with continuous and categorical BMI stratified by calendar period.
Relative risks adjusted for age, sex, and smoking. The difference in the RR of CHD for a five-BMI-unit increment and obesity between calendar periods, that was observed in the univariate analysis (À31% (95%CI: À56:0) and À51% (95%CI: À78: À14), respectively) (Tables 3 and 4) , was no longer observed in the multivariate analysis (Table 3) . However, in the multivariate analysis, age of the population still (near) significantly lowered the RR by 29% (95%CI: À55: À5) and 31% (95%CI: À66:3) respectively for each 10-year increase in age of the population (Table 3) . No interaction effect between calendar period and mean age was found.
Length of follow-up (only examined in the univariate analysis) had a significant influence on the RR associated with a five-BMI-unit increment (þ25% (95%CI: 0:52)) and with obesity (þ53% (95%CI: 9-109)) ( Table 3) .
We repeated these analyses in a subset of studies (N ¼ 13; N ¼ 6 1985; N ¼ 7 >1985) with a length of follow-up between 10 and 19.9 years to reduce correlation between baseline year and length of follow-up (Pearson's r ¼ À0.48, P ¼ 0.10) and overlap in time The mean study characteristics did not change substantially in the subset of studies used in the model with additional adjustments for physical activity, blood pressure and cholesterol, although the range was slightly reduced with $4 years in baseline year and follow-up period. Indicates the percentage change in RR of BMI or BMI category on CHD associated with the specified change in each study characteristic d The results of percentage change in the age, sex and smoking adjusted RR by each study characteristic in the univariate and multivariate were in the same order when examining this in the subset of studies used in model 2.
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period. In this subset, the results for calendar period and age of the population were similar (data not shown).
Also, to take both baseline year and length of follow-up into account together with age of the population, we repeated the analyses with the variables age of the population and half of the follow-up length added up to baseline year. Then, calendar period had not an influence on the association between BMI and CHD in the univariate or multivariate analysis, while the influence of age of the population remained the same (data not shown).
Relative risks additionally adjusted for physical activity, blood pressure and cholesterol. When the RRs were additionally adjusted for physical activity, blood pressure and cholesterol, the univariate analysis indicated no longer a significant influence of Calculated from the univariate meta-regression analysis including calendar period, see explanation in text and Table 3 for the percentage difference between calendar periods. calendar period on the associations between a five-BMI-unit increment and CHD and obesity and CHD, but the percentage changes remained in the same order of magnitude (À36% (95%CI: À78:15) and À51% (95%CI: À96:10), respectively) ( Tables 3 and 4) . Age of the population remained significant for the association between a five-BMI-unit increment and CHD (À44% (95%CI: À90: À4), but not for overweight and obesity (Table 3) .
The multivariate analysis indicated that age of the population did not significantly influence the association between overweight or obesity and CHD, but a trend was still visible for the association between a five-BMI-unit increment and CHD (À40% (95%CI: À105:6)) ( Table 3) .
Length of follow-up had no longer a significant influence on the association between a five-BMI-unit increment and CHD and obesity and CHD (Table 3 ).
Because we used two endpoints, we examined whether there was a difference between incidence and mortality regarding the RR of BMI (categories). We found no differences and also the influence of calendar period, follow-up period or mean age on the RR did not differ by the endpoint used in the analyses (data not shown).
Discussion
In this meta-analysis of 31 cohorts worldwide including 389 212 mainly Caucasian persons and 20 652 CHD events, we explored the hypothesis whether the RR of CHD associated with BMI is lower in later studies compared to earlier studies. Further, we took other important study characteristics, i.e., age of the population and length of follow-up into account. By taking these study characteristics into account and carrying out extra analyses with RRs adjusted for CHD risk factors, we found no longer a difference in the RR of CHD associated with BMI between calendar periods. The most important and consistent cohort characteristic influencing the association between BMI and CHD was age of the population.
Strengths and limitations
The strength of our analysis lies in the large number of cohorts including populations from various countries and the systematic adjustments for relevant cohort variables (i.e., length of follow-up and age of the population). No indication of publication bias was found, as was discussed also in a previous publication (17) .
Another strength of our meta-analysis is that we were able to account for CHD risk factors (i.e., physical activity, blood pressure, and cholesterol) which could influence the change in the association between BMI and CHD over time.
Several limitations should be addressed. First, we did not use studies with a baseline year in the 21st century. This limited our time span to examine the influence of calendar period and to give insight on recent developments of the association between BMI and CHD. Second, length of follow-up was found to be a strong confounder, but was also strongly correlated with baseline year and associated with the RR of CHD for BMI (categories). However, in a previous analysis of data from the NHANES study, adjustment for length of follow-up did not affect the outcome of the trend of decreasing RRs of all cause mortality for obesity over time (13) . Third, for some studies the RRs for categories of BMI were transformed to RRs for BMI as a continuous variable, which may have introduced some inaccuracy. Finally, we did not adjust for important confounders such as dietary variables or weight (loss) history because these were not available in most studies although those have been shown to be related to BMI and CHD (56, 57) . Nevertheless, in the Nurses' Health Study (the largest included study) adjustment for diet had virtually no impact on the association between BMI and risk of CHD (42) .
Findings in the context of the literature
We found increased RRs of CHD for a five-BMI-unit increment, overweight and obesity of 1. (62) . In the National Health and Nutrition Examination Surveys (NHANES I, II and III), a similar trend of decreasing RR of total mortality in obese US adults (!25 years) was found (13) . Our results also indicated an association between calendar period and the RR of CHD for (increasing) BMI and obesity, but not when study characteristic mean age of the population was taken into account. In addition, we expected that the influence of calendar period would be attenuated by the additional adjustments for physical activity, blood pressure and cholesterol, because of the hypothesis that the blood pressure and cholesterol profile in persons were unfavorable at baseline in studies starting before 1985 compared to studies starting after 1985 due to improvements of treatment of CHD risk factors and lifestyle. However, after the additional adjustments in the univariate analysis, the magnitude of the percentage changes on the RRs for a five-BMI-unit increment and obesity remained in the same order as for the age, sex and smoking adjusted RRs.
In summary, we did not find a clear difference between calendar periods in the association between BMI and CHD. This suggests that earlier studies may not be ruled out for use in predictive models forecasting future deaths of chronic diseases. However, as discussed before, length of follow-up and age of the population might have confounded our results, since these factors were different between calendar periods. Therefore, we cannot conclude beyond doubt that there is no difference between calendar periods. To examine changes by calendar period more thoroughly, a meta-analysis should be performed with similar study characteristics to exclude this kind of confounding. Also, systematic adjustments including information on medication use should be considered to test our hypothesis.
Nevertheless, our study yields sufficient evidence to draw the conclusion that age of the population is an important factor modifying the association between BMI and CHD. Throughout all analyses we found a significant influence of age of the population on the association between BMI and CHD, except in the univariate and multivariate analyses with CHD and overweight and obesity adjusted for the additional CHD risk factors. These exceptions can easily be Obesity Calendar Period, BMI, and CHD de Hollander et al.
explained by the low number of included studies with an old population (N ¼ 1), which in turn made it less accurate to regress the log RR on age for the higher age ranges. All together, our results stress the importance of taking age of a population into account in predictive models forecasting future deaths attributable to overweight and obesity.
The decrease in RR of CHD for a five-BMI-unit increment with each 10 year increment of age was comparable to previous studies who found a decreasing trend in the RR of CHD associated with BMI with increasing age (58, 63) . An explanation for the reduction in RR at higher BMI levels with increasing age is complicated. In the elderly, the value of BMI as an indicator of body fatness is reduced because of the higher total fat mass (because of an age-dependent loss of lean body mass), fat redistribution and age-related decline in height (64) . Unintentional age-related weight loss which might be caused by (un)diagnosed illnesses can confound the association between BMI and risk of disease/mortality in the elderly (64) . Also, the ones susceptible for the consequences of obesity might have died earlier in life, while the remaining obese elderly persons survived (64) . Furthermore, several studies reported that the lowest mortality from all-causes or CVD in elderly persons lies within the overweight category, which indicates that a BMI of 18.5-24.9 kg m À2 is not appropriate for the elderly (65-67) and therefore another anthropometric measure such as waist circumference, waist-hip ratio, body fat or lean body mass might be more useful (68, 69) .
Conclusion
We found no consistent evidence for a difference in the association between BMI and the risk of CHD by calendar period, but we cannot conclude beyond doubt that no difference exists. Further research, that excludes the possible influence of follow-up length, is needed to clarify this. A clear finding of our study is, however, that age of the population was consistently associated with the RR of CHD for BMI. In older populations the RR of CHD associated with BMI is lower than in younger populations. Therefore, for models used to predict mortality and prevalence of CHD in general populations, for example as used by the WHO, data from earlier studies may not be ruled out completely, but applying an age specific approach can be highly recommended.
